The origin of natural antibodies has been the subject of much controversy over a period of years. Since the extensive investigations by Landois2" on the transfusion of blood, the antibodies from opsonins to those directed against toxins and many infectious agents have been intensively investigated. The scope of investigation has even been extended to cold-blooded animals, revealing hemagglutinins in the blood of turtles,34 alligators,6 and frogs.30 Isohemagglutinins and bacterial agglutinins have also been reported 5' 3 to be present.
those directed against toxins and many infectious agents have been intensively investigated. The scope of investigation has even been extended to cold-blooded animals, revealing hemagglutinins in the blood of turtles,34 alligators,6 and frogs. 30 Isohemagglutinins and bacterial agglutinins have also been reported 5' 3 to be present.
A great many surveys have been made, which produced evidence for more than one theory of origin. From results of the Schick test performed on more than 150,000 children, .Zingher40 concluded that repeated exposure to infection with the diphtheria bacillus is the most important factor in the development of natural immunity. Parr and Avery25 claim the importance of a racial factor.
After a survey of family groups Hirszfeld and his colleagues"6 postulated that immunity or susceptibility to diphtheria is inherited in correlation with blood groups. They believed the blood groups to be constitutional characters and susceptibility to diphtheria to be inherited in correlation with these. It naturally follows that the physiological appearance of antitoxins is also a constitutional character. An external stimulant can prematurely accelerate the formation of antibody only if the physiological capacity exists. This genetic connection between blood group and Schick reaction has been questioned. 28 Hirszfeld17 has formulated a theory to account for the occurrence of normal antibodies. He regarded normal antibodies as biochemical organs whose formation is a serological reflex; just as reflexes such as sucking, etc., occur in many animals, so also many normal antibodies occur in the serum without specific stimulation. This occurs at certain times during the life of the individual, and this process of serological maturation was called serogenesis, in analogy to morphogenesis. Before serological maturity has been reached, an antigenic stimulus remains without any From the Department of Bacteriology, Yale University. The material presented represents a portion of the data contained in a dissertation submitted on May 1, 1947 , to the faculty of the Graduate School of Yale University in candidacy for the degree of Doctor of Philosophy. serological action. The appearance of antibodies denotes the maturation of the reflex which occurs spontaneously. Throughout the literature are many instances wherein age plays an extremely important part in the development of antibodies.', 14, 20, 29 Landsteiner discusses the influence of a genetic factor in the formation of natural antibodies. He added a drop of the red blood cell suspension, the mixture was stirred on the cover-slip which was inverted over the glass ring. The slides were rotated before each reading, and the occurrence of agglutination read under the low power of the microscope. The titration technique employed in the preliminary experiments varied slightly with each one, and is described with the particular experiment. Organ preparations: These were made ready for injection by removing aseptically the lungs, kidneys, spleens, and livers from 11 young adult Barred Rock chickens. The tissues were washed with saline, triturated with sterile sand in a mortar, and centrifuged. The supernatant was removed and sufficient saline added to bring the total volume to 200 ml. Merthiolate was added.
A preparation was also made from embryonic chick organs in the same manner. The organs of 40 embryos of 19 days incubation were pooled and the final suspension was made up to a volume of 15 ml. by adding physiological saline. A third preparation was made from the organs of 24 chicks immediately upon hatching.
Bacterial vaccines: The bacterial vaccines were made from stock laboratory strains. The growth from a 24-hour culture on nutrient agar was washed off with saline and further diluted to match the desired McFarland nephelometer standard.
The organisms were killed by heating in a water-bath at a temperature of 600 C.
for one hour. Merthiolate was added as a preservative.
Incubators: The incubators in which the chickens were subjected to heat contained deep trays in which several chicks could be kept without crowding. ' There was free circulation of air through the incubators at all times. The temperature was thermostatically controlled and was checked on each shelf which contained chicks. The humidity was regulated by large trays of water in the bottom of the incubators and was also checked at different levels.
Forssman antigen: This was prepared by triturating guinea-pig kidneys in a mortar and diluting the pulp with physiological saline to make a 25 per cent suspension by weight. This was boiled for one hour and the volume was made up with distilled water.
Results
Effect of heat on titer of antibodies: Preliminary titrations with several antigens were done on a number of inactivated chicken serums to find the approximate range and titer of hemagglutinins. Appropriate dilutions were made, 0.1 ml. of a 2.5 per cent suspension of red blood cells was added to each tube, and the tubes were incubated in a 370 C. water-bath for one hour. The presence of agglutination was read macroscopically against a strong light immediately after removing the tubes from the water-bath. The serums were from chickens ranging in age from two to nine months, and the antigens were red corpuscles from rats, rabbits, guinea-pigs, dogs, or man. The hemagglutinins for human red cells were present in very low titer, or entirely lacking. In general, the titers were in agreement with those obtained by Bailey2 with one excep-tion-that for human red blood cells. The titers he obtained for these cells were much higher; the titers in this investigation were determined on Group 0 blood exclusively. There was no great difference in the titers of the serums of the nine-month-old and that of the two-month-old chicken. After a certain stage in the development of the chick the hemagglutinins apparently do not increase much in titer. Since the red blood cells of the dog were excessively fragile they were not used throughout the course of the experiments. Although several dogs were used as sources of red cells, the same fragility was shown in all cases. This fragility has also been encountered by Olson.23 In the second experiment, 87 chicks were bled by cardiac puncture immediately after hatching and the hemagglutinin titers determined. Titrations were made on the serums which were pooled into four groups; 0.5 ml. of blood were removed from each chick; serial dilutions were made, and the total agglutination read immediately after removing from the water-bath. At hatching there were no hemagglutinins present for rabbit, rat, or dog red blood corpuscles in any of the groups of pooled serum. The four groups of chicks were subjected to varying degrees of heat in order to determine the highest temperature at which a large number could survive. At temperatures above 41 to 430 C. the death rate was extremely high, even when the heat was applied intermittently.
Two of the groups were kept at 350 C. for the first week and the temperature was lowered approximately five degrees each succeeding week until it reached room temperature.
In the third experiment a large group of chicks was subjected to continuous heat and hemagglutinin titrations were made at two-week intervals. The titration technique was altered so that the titers could be determined on individual chicks instead of on the pooled serum. The hangingdrop was used; the red blood cells were used in a 2.5 per cent suspension.
In this experiment the chicks were not bled at hatching, since they apparently show no hemagglutinins at this time. At the beginning of the experiment there were 57 chicks in the incubators and 50 in the control group which was kept at 350 C. for the first week and the temperature was lowered approximately five degrees each succeeding week until it reached room temperature. The number of chicks at each bleeding is shown in Table 1 . The development of hemagglutinins is shown in Fig. 1 . The means of the exponents of the highest serum dilutions in which agglutination occurred are plotted, the abscissa representing the age of the chicks and the ordinate representing the antibody titer. After a first rapid rise of titer in both groups the curve begins to level off and to show a distinct difference between the heated chicks and the control group of chicks.
By the termina -FIG. 1 tion of the experi- Analysis showed that the difference between the eight-and the nineweek period was not significant and the individual chicks did not differ from each other in their responses at this time. Comparing directly the rabbit hemagglutinins and rat hemagglutinins in the two groups, no significant difference is revealed. The rabbit hemagglutinins did not differ relatively from the rat hemagglutinins in each group. Therefore, the relative difference between the groups is the same, but the absolute difference showed the heated group to have a significantly higher titer of hemagglutinins than did the controls.
Efect of heat on avidity of antibodies: From the tabulation of hemagglutinin titers the coefficient of avidity was calculated according to the method used by Barikin and Friese.4 There was neither consistency nor any great difference between the avidity of antibody in the heated group of chicks and in the control group.
Effect of heat on specificity of antibodies: The effect of heat on another property, namely, specificity' was studied. At the termination of the experiment, agglutinin absorption tests were done with each' serum, absorbing it with red cells of the rabbit, rat, or guinea-pig, and determining the titer for all three types of cells. Titrations were made the same day the serum was absorbed to prevent any non-specific effects such as those reported by Boyd and others.8
The agglutinins for guinea-pig red cells seem to be completely nonspecific. They were wholly absorbed in every case by the red blood cells of the rabbit and of the rat. The hemagglutinins for rabbit and for rat cells did exhibit some degree of specificity in that they were not entirely absorbed by the heterologous antigen. After absorption the serum was again titrated with the antigen with which it was absorbed as a check on the completeness of absorption.
All three types of antigens absorbed a major part of the antibodies for the other two antigens. In both groups of chicks the agglutinins for the red cells of the rabbit and of the rat exhibited approximately the same degree of specificity, while those for the guinea-pig red cells were wholly non-specific. The majority of the hemagglutinins for rabbit and also for rat cells were absorbed by the heterologous antigens, but not entirely. The hemagglutinins for guinea-pig cells were entirely absorbed by the heterologous antigens. After comparing the averages of the agglutinin absorption tests, no differentiation can be made between the two groups of chicks.
Inhibition tests: A series of inhibition tests were performed in an effort to determine whether the normal hemagglutinins present in chicken serum are produced by the action of antigens present in the tissues of the chicken or of the egg which can exert an antigenic effect over a long period of time. Serum from adult chickens was pooled and inactivated at 560 C. for 30 minutes. Preparations from non-incubated fertile egg yolk and egg albumen, and tissues of young and adult chickens were used as inhibiting substances in dilutions ranging from .01 to 50 per cent. Gelatin, E. coli, and E. typhosa were used as control inhibiting substances; the bacterial concentrations were varied, the most concen-trated being the 24-hour growth on a nutrient agar plate diluted with 2 ml. of saline.
The method employed in the tissue preparations was that used by Boorman A comparable series of tests were performed with rabbit serum after the injection of various antigens, but the results do not differ significantly from those reported in table 5.
Of ten rats also immunized, two showed a response to the specific antigen injected. These responses were to a saline suspension of adult chicken red blood cells. The hemagglutinin titer before immunization was negative and after immunization it was 1:128 in both rats. The other antigens used were a saline suspension of adult chicken organs, albumen of non-incubated fertile egg, and yolk of non-incubated fertile egg. Horse serum was injected as a control into two rats. The titer of agglutinins in rats for rabbit, rat, dog, guinea-pig, sheep, and human red cells was negative in all cases, both before and after the course of injections.
The series of mice injected were divided into five groups, each group containing from 15 to 22 mice. The antigens used were the same as for the rats, and the responses to the specific antigens were negative except in the case of the chicken red blood cells. The titer after injection with this antigen was 1: 128. The hemagglutinin response to rabbit, rat, dog, guinea-pig, sheep, and human red blood cells was negative in each case.
While the titers for the specific antigens injected were sometimes high, the hemagglutinins produced were always of a low titer. Hemagglutinins appeared without a response to the specific antigen injected and high precipitin titers were sometimes produced without any hemagglutinin formation at all. The two types of antibodies, that is, the precipitins and the agglutinins, were entirely independent of each other. The rats and mice showed the poorest reactions, giving no precipitins at all and the only hemagglutinins they produced were those directed against the chicken red blood cells injected.
Since hemagglutinin titers were obtained for the red blood corpuscles of the sheep after immunization of several of the animals with red cells of the chicken, a few agglutinin absorption tests were done to determine how much of the antibody titer could be absorbed with Forssman antigen. The agglutinin titers for chicken red cells were compared before and after absorption. Equal parts of serum and Forssman antigen were mixed and left at room temperature for one hour, shaking every 15 minutes.
In table 6 the hemagglutinin titers are recorded as the reciprocal of the highest serum dilution in which agglutination occurred. For each type of red cell the figures in the first column are the titer before absorp- 
Discussion
The little-studied effect of heat on natural antibodies was investigated with several aims in view. It was hoped to disclose information which would further clarify the origin of these antibodies and also demonstrate whether the antibodies themselves would be altered in any way by the mere application of an external stimulus.
The influence which continuously applied heat exerts on the development of the chicken was shown by the difference in size between the heated group and the control groups. The death rate was twice as high in the heated group, and growth was noticeably retarded. Randall26 has found that the Barred Rock chicken can pant shortly after hatching, but this was not efficient in maintaining body temperature until several days of post-hatching development. He found that the normal body temperature increases from the temperature of the environment at hatching to about 41°C. ten days after hatching. This corresponds closely to the average temperatures recorded in the experiment for the control group.
The results of the present experiments show that keeping the chicks in a hot atmosphere accelerated the production of antibodies, as evidenced by the higher titer of the heated group after two months. This difference was statistically significant. Although a few antibodies had appeared in both groups at two weeks of age, the titers were very low and there were only a few chicks showing antibodies in each group. It was only after a period of time that a significant difference could be detected between the two groups. Lack of a great difference between the groups at an early age would favor Hirszfeld's theory of serological maturity. Once this serological maturity has taken place, the external influences can then act as stimuli.
Although heat increased the amount of antibodies, it did not seem to alter the properties in any way. The difference between the coefficient of avidity in the two groups was neither consistent nor great. The absorption tests for specificity differed in the same manner in each group. From these results it may be concluded that heat influences the quantity of natural hemagglutinins produced, but does not alter the quality as represented by avidity and specificity.
Embryonic chicken red blood cells begin to develop an antigen common to the red cells of adults at about 100 hours.9 This suggested the possibility that the yolks and albumen of non-incubated eggs might contain antigens which are later transferred to the embryo, hence the use of these substances as antigens. The tissues of the embryos and of the adult chickens were included as antigens in order to provide additional information as to the source of the hemagglutinins. The red blood cells of adult chickens included as antigens have been reported to contain heterogenetic antigen" which incites in rabbits a true heterophile antibody. The serum was titrated for the production of antibodies against the antigen injected and against the red blood cells which have been found to react with normal chicken serum. By these double titrations the antigenicity and the response of the animals could be verified. Various types of control antigens were selected and injected by different routes to check the efficacy of the mode of injection. The fact that any non-specific antigen, be it virus, bacteria, or serum, could produce hemagglutinins in low titer aids in interpreting the results obtained by the injections of chicken tissues.
Injection of the chicken tissues in some cases did increase the titer of hemagglutinins already present and produced hemagglutinins when none were originally present, but it is believed that the titers were low enough to be due to a non-specific stimulation. This interpretation is borne out by the controls which acted in a similar manner. High titers were obtained for sheep red blood cells, a fact which is easily explained by the presence of heterophile antigen in chicken tissues which Olson and Zeissig24 and Furth and Kabat'3 have reported. The egg has also been reported to contain Forssman antigen.31388
The fact that rabbits responded to the injection of the chicken organs and red cells with the production of antibodies for sheep cells is easily explained by the presence of Forssman antigen in these tissues, but lack of response to the egg yolk may have perhaps been due to the fact that the antigen was obscured in some way or present in very small amounts, since alcoholic extraction was not done. The antibodies against dog cells may have a similar origin, since dogs are known to contain heterophile antigen.
The mice reacted not at all to any of the antigens injected except to the red cells of the chicken. That they did not produce antibodies against sheep cells may be explained by the fact that they have been found to be of the "guinea-pig type."-10 15 The best responses were obtained with the guinea-pig and the rabbit and even these can be explained as a non-specific response, or in some cases as a response to the Forssman antigen present in the substances injected. The titers were low except in the case of precipitins formed against the specific antigen. This non-specific effect was borne out by the low titer of hemagglutinins produced even by the injection of the control antigens.
The results obtained in these antigenicity tests would indicate that the antigens for hemagglutinins are not present in the tissues of the egg, the embryo, or the adult chicken. That 2. Application of heat to chicks from the time of hatching was reflected in a significantly higher titer of normal hemagglutinins for the red cells of the rabbit, rat, and guinea-pig in the heated group of chicks than was the case in the control group kept at room temperature. This difference became significant several weeks after the appearance of the antibodies.
3. The avidity of the antibodies was the same in the heated group as in the control group kept at room temperature. The specificity as determined by agglutinin absorption tests likewise was not altered.
4. Antigenicity tests using the egg yolk and albumen, the red cells, and the organs of the embryo and the adult chicken as antigens showed about the same production of hemagglutinins as did the various controls. The one exception to this was the hemagglutinins for sheep cells which were probably produced in response to the Forssman antigen which is present in the chicken.
5. Inhibition tests using egg yolk and albumen, and the organs of embryonic and adult chickens as inhibitors showed no effect of these substances on the hemagglutinins present in normal chicken serum. An alcoholic extract of the contents of the intestinal tract of chickens showed no inhibition of the hemagglutinins. Agglutinin absorption tests using chicken red blood cells and serum likewise did not diminish the original titer.
6. The results of this investigation tend to substantiate Hirszfeld's theory of serogenesis by showing that the antigen for normal hemagglutinins could not be demonstrated in the tissues of the chicken and that heat can influence the production of normal hemagglutinins only after the antibody-producing mechanism has matured. Inhibition tests further verify the results found by the antigenicity studies, hence add to the argument for serogenesis.
